Introduction
Primary carcinoma of the ovary is the fourth most common cancer among women in the UK; there were almost 7000 new cases reported in 1999, which equates to a lifetime risk for women of 2%. In addition, ovarian cancer is the fifth most common cause of deaths in women, with more than 4500 deaths from the disease every year. 1 The natural history of ovarian cancer development, including the nature of the precursor cell type, is poorly understood. This is somewhat surprising given the extensive published research literature on the subject. Approximately 90% of malignant ovarian tumours are epithelial in origin; the remainder are germ cell tumours. Various theories have been suggested as to how ovarian cancers develop. These include the incessant ovulation theory, 2 the gonadotrophin theory 3, 4 and the retrograde transportation hypothesis. 5 The incessant ovulation theory suggests that the risk of ovarian carcinoma increases as a result of the recurrent minor trauma to the ovarian surface epithelium that occurs during ovulation. The suggestion is that the greater the number of times the ovarian surface epithelium undergoes trauma, the greater the chance will be that aberrations leading to a malignant transformation will occur.
The gonadotrophin theory suggests that high levels of gonadotrophins, especially in the early menopausal years, are associated with an increased risk of ovarian cancer as a result of oestrogen or oestrogen precursors stimulating the ovarian surface epithelial lining of ovarian inclusion cysts. Inclusion cysts are benign vacuoles that can form and embed in the ovarian stroma following repair to the ovarian surface epithelium. Histologically, the epithelial lining of these cysts appears normal.
Finally, the retrograde transport hypothesis suggests that certain carcinogenic factors gain access from the uterus through the Fallopian tubes to the ovaries, thereby increasing the risk of ovarian cancer.
All of these theories have been plausibly supported by data from epidemiological studies, but no single theory seems more convincing than any other. Similarly, our understanding of the molecular or genetic events that underlie ovarian cancer formation, which could go some way towards providing support for or refuting these theories, are also poorly understood. 6 The purpose of this article is to clarify and review the current understanding of the aetiology of ovarian cancer including the factors that influence disease risk and the prognostic importance of screening for preclinical disease in the absence of a precancerous lesion.
Epidemiological and genetic risk factors Age
There is a progressive increase in ovarian cancer incidence with age. For epithelial ovarian tumours, the risk of disease in women under the age of 30 years is low even in families with evidence of a hereditary basis of ovarian cancer. From 30 to 50 years of age, ovarian cancer incidence rises in a linear fashion. It then continues to increase, albeit at a lower rate, reaching a maximum incidence of 60.5 per 100 000 women in the 75-79 years age group (data from the Surveillance Epidemiology and End Results Program of the National Cancer Institute 7 ) ( Figure 1 ).
Geography
Ovarian cancer incidence varies widely across different geographical regions and ethnic groups 8 (Figure 2 ). The highest incidence is in Northern Europe (14.5 cases per 1001000 women in Sweden) and the USA (13.3 cases per 1001000 women); the lowest incidence is in Japan (2.7 cases per 1001000 women). As with other cancers, there are obvious increases in risk in populations that migrate from a country with low risk to a country of higher risk, indicating a possible role for dietary and environmental factors. 
Family history
The majority of ovarian cancer cases are sporadic. However, 5-10% of cases have a hereditary basis (i.e. they are familial). Despite this, the single greatest ovarian cancer risk factor is a family history of the disease; the relative risk of ovarian cancer in a woman with an affected first-degree relative is 3.1 (95% CI 2.6-3.7). The level of ovarian cancer risk is correlated with the number of affected first-and second-degree relatives and the age at diagnosis: the highest risk is associated with women below the age of 50 years who have a first-degree affected relative aged under 50 years. There are at least two groups of individuals with a hereditary predisposition to ovarian cancer for which pedigree analyses suggest autosomal-dominant transmission with variable penetrance. Families with BRCA1 and BRCA2 mutations comprise approximately 90% of families with a strong history of ovarian cancer (more than three cases in first-degree relatives) or multiple cases of ovarian and breast cancer ( Figure 3 ). The lifetime risk of developing ovarian cancer for BRCA1 carriers is 16-44% and for BRCA2 carriers is 27%. [9] [10] [11] [12] Ovarian cancer is also part of the phenotype of hereditary non-polyposis colorectal cancer (HNPCC) syndrome (alternatively known as the Lynch syndrome), which is commonly associated with inherited susceptibility to colorectal, gastric and endometrial cancers. The lifetime risk of ovarian cancer for a carrier in a HNPCC family is about 10%. 13 HNPCC families are caused by mutations in one of several genes that function in DNA mismatch repair pathways.
High-risk genes that cause ovarian cancer are rare and are responsible for only 30% of the excess familial ovarian cancer risk. It is likely that the remaining familial risks are the result of more common but less penetrant genetic variation (moderate-risk genes), however these genes await identification.
Reproductive and hormonal factors Early menarche and late menopause
There have been several epidemiological studies that have looked at age at menarche as a risk factor for ovarian cancer. In general, these have found no association. [14] [15] [16] [17] [18] Although no association has been found between age at menopause and ovarian cancer risk in most studies, [16] [17] [18] [19] a small number of studies have suggested that late menopause may increase risk, with estimates ranging from 1.5-to 2.9-fold increased risks in the oldest menopause groups compared with younger referents. 15, 18, 20 
Parity
Epidemiological studies have continually shown that parity is protective against ovarian cancer. Whittemore et al. 16 reviewed 12 case-control studies and showed that parity has a significantly protective effect against ovarian cancer; there was an approximately 40% reduction in risk with first birth and a further reduction of 10% with each subsequent birth.
There may also be an association with the age at first birth, although this is less clear. Some hospital-based studies suggest that an older rather than younger age at first birth is more protective, 16, 18, 20 but case-control studies with population-based controls indicate the reverse is true. 15, 21, 22 Whilst the impact of term pregnancies on the ovarian cancer risk is clear, the effect of miscarriages, terminations and ectopic pregnancies is not. A case-control study from Denmark found no relationship between ovarian cancer and pregnancies that fail to proceed to term. 23 However, other studies suggest that incomplete pregnancies confer some risk reduction, albeit a weaker protective effect than that of full-term pregnancies. 17, 18, 22 Lactation Most studies that have separated the effects of breastfeeding from pregnancy have demonstrated a small protective effect from lactation. Risk estimates range from between 0.6 and 0.9 in parous women who have breastfed their children compared with those who have never breastfed. 16, 22, 24, 25 Combined oral contraceptive pill Based on a large body of epidemiological studies, it is now accepted that the combined oral contraceptive pill (COC) protects against ovarian cancer. The cause of this protective effect has been ascribed to the cessation of ovulation and/or the decrease in gonadotrophin levels in mid-cycle. In casecontrol and prospective studies, 'ever' users of COCs have been shown to have a lower risk compared to 'neverusers'. [15] [16] [17] 20, 22, 26, 27 The protective effect increases with duration of COC use; there is a 10-12% decrease in risk associated with a 1-year COC use 28 and an approximate 50% decrease after 5 years of use. 29 The risk reduction associated with COC use continues for a long time after cessation of the COC; several studies showed a 40-70% risk reduction even 10 years after cessation of COC use. 15, 16, 20, 27 One recent study even suggested a risk reduction after 25 years of COC use. 15 COCs confer a protective effect regardless of other known risk factors such as parity or age. [26] [27] [28] However, there does appear to be an additive effect for parity and COC use combined; Franceschi et al. found that women who have two children and have taken the COC for ≥5 years had a 70% risk reduction for ovarian cancer. 30 The risk reduction for COC use may also be associated with different histological subtypes of ovarian cancer. In a case-control study that examined the effect of COC use on the risk of mucinous and non-mucinous ovarian cancer, Risch et al. found that the risk of mucinous ovarian cancer was not reduced in women on COCs. 31 There are a wide variety of COCs with differing oestrogen and progestin content. The initial COCs of the 1960s were high-dose monophasic formulations. Hormonal doses were then reduced in the 1970s, and in the 1980s biphasic and triphasic formulations were introduced. The majority of studies showing the protective role of COCs were based on women using the early monophasic formulations. The protective effect appears to be present in newer formulations also; use of one of two types of lowdose COC formulations (≤35 µg ethinylestradiol) compared to never-users was associated with a reduced relative risk of ovarian cancer of 0.7 and 0. ovarian cancer associated with ERT of 10 or more years. 43 Until recently, many of the studies that examined the effect of combined HRT on ovarian cancer risk have been too small to draw firm conclusions. One such study suggested that HRT did not increase the risk of ovarian cancer if progestin was used for more than 15 days per month. 44 The largest trial so far on the effect of HRT on ovarian cancer risk is the Women's Health Initiative. 45 In this double-blind, randomised control trial approximately 171000 women were randomised to either combined HRT or placebo. After an average 5.6 years of follow-up, there was a non-statistically significant increase in ovarian cancer risk in users of HRT compared to the placebo group (hazard ratio 1.58, 95% CI 0.77-3.24).
Other factors Talcum powder
There is some evidence to suggest that agents that irritate and inflame the ovarian epithelium promote ovarian carcinogenesis. This theory arose from observations that asbestos was associated with mesotheliomas in animals 46 and that particle passage from the vagina to the ovary was possible. 47 Talcum powder use in the genital area has been postulated to increase the risk of ovarian cancer by ascending the genital tract. This theory has been supported in a case control study 47, 48 that gave an OR of 1.6 (95% CI 1.18-2.15) and that talcum powder use was associated serous and undifferentiated tumours.
Pelvic surgery
The association between pelvic surgeries such as tubal ligation and hysterectomy and ovarian cancer has been reported in a number of epidemiological studies. Although the Oxford Family Planning Association study showed no association between sterilisation and ovarian cancer (OR 1.5, 95% CI 0.7-3.1]), 49 the majority of studies support a protective effect with observed risk reductions from 10% to 80%. [50] [51] [52] [53] A similar protective effect was observed in women who underwent hysterectomy, although the magnitude of protection appears to be lower than that of tubal ligation. [50] [51] [52] [53] Both these operations provide closure of the ovaries to the external genital tract, and it has been suggested that these operations reduce the risk of ovarian cancer by preventing carcinogens from ascending the genital tract. It is, however, interesting that the protective effect has been reported only up to 20 years after surgery.
Endometriosis
Pathology and epidemiological studies have consistently shown an association between endometriosis and ovarian cancer, particularly of the endometrioid subtype 54, 55 and clear cell 54 subtypes of ovarian cancer. Histopathology studies analysing large series of ovarian tumours have identified ovarian endometriotic lesions in 5-10% of cases. 56 These were most commonly found in tumours of the endometrioid (up to 60%) and clear cell (up to 15%) subtypes, which is disproportionate to the expected frequencies of these subtypes of ovarian cancer (10-20% and 3-10%, respectively). In another study, endometriosis was found in 40% of women with Stage I endometrioid or clear cell carcinoma, one-third of which were carcinomas arising out of the endometriotic lesions. Two theories have been proposed for the transformation of endometriosis to ovarian cancer. First, aberrant inflammation may serve to promote the growth and invasion of ectopic endometrium. Second, it has been postulated that the same balance of steroid hormones that has been shown to increase the 84
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REVIEW also. 26 In another study, in which both high-and low-dose COCs reduced the risk of ovarian cancer, the high-dose regimen appeared slightly more effective. 32 A few studies that have evaluated the effect of progestogen-only contraceptives on ovarian cancer suggest a protective effect. In a study of 5000 women receiving medroxyprogesterone injections with 4-13 years' followup, there was an insignificant decrease in ovarian cancer risk [relative risk (RR) 0.8, 95% CI 0.1-4.6]. 33 The association between COC use and ovarian cancer risk in women who are BRCA carriers has also been studied. In a population-based study, no association was observed between oral contraceptive use and risk reduction in high-risk women. 34 However, in a family-based study, a 60% risk reduction was observed in women with BRCA mutations who had been on the pill for 6 or more years. 35 More recently, in a study of 451 BRCA1/2 mutation carriers, the odds ratio (OR) for ovarian cancer associated with the use of oral contraceptives for 6 or more years was 0.62 (95% CI 0.35-1.09) after adjusting for parity. 36 
Infertility
In 1992, a collaborative analysis of 12 case-control studies in the USA reported that the risk of ovarian cancer in nulliparous women who received fertility treatment was increased 27-fold. However, this finding should be treated with caution for two reasons. First, the confidence intervals for this study were wide (95% CI 2.3-315.6). 16 Second, the individual studies that made up the collaborative analysis differed vastly in the depth with which the relevant information was collected; only 3/12 studies contained results regarding infertility therapy. Since this report, a further two case-control studies have failed to find an association between fertility drug use and ovarian cancer. 37, 38 A number of cohort studies of women undergoing fertility treatment have also failed to demonstrate an increased ovarian cancer risk associated with infertility. [39] [40] [41] In the largest of these studies, the excess risk of ovarian cancer was observed in women with unexplained fertility who had not had any fertility drugs. 41 The are several difficulties in study design that make this a difficult question to address, and this may be responsible for some of the disparity observed between studies For example, it is unclear whether the risk of ovarian cancer increases as women come to an age where ovarian cancer is more common, which coincides with the timing of infertility treatment. In addition, for case-control studies, there are problems associated with defining the 'infertility type', the different types of fertility drugs used and in the selection of an appropriate control group.
Hormone replacement therapy
Issues relating to the use of hormone replacement therapy (HRT) and its safety continue to challenge clinicians.
HRT initially contained oestradiol or conjugated oestrogens only. It then became apparent in the 1970s that the use of oestrogen (estrogen) replacement therapy (ERT) was associated with an increased risk of endometrial cancer. As a result, progestins were added to the ERT in women with an intact uterus. ERT, however, continues to be used in women who have undergone a hysterectomy.
Studies on the effect of ERT/HRT on the risk of ovarian cancer are contradictory. In a recent cohort study that followed 44 241 menopausal women for approximately 20 years, a relative risk of 1.6 (95% CI 1.2-2.0) was observed among ever-users compared with never-users of ERT. 42 The largest risk observed in this study was for women who used ERT for 20 years or more, for whom the RR was 3.2 (95% CI 1.7-5.7). In another study, there was an increased risk of severity of endometriosis may also enhance the occurrence of ovarian cancer.
Polycystic ovarian syndrome
Clinical features of polycystic ovarian syndrome (PCOS) commonly include obesity, infertility, menstrual abnormalities and hirsutism. In addition, PCOS is also characterised by a raised luteinising hormone to folliclestimulating hormone, increased androgen production and abnormal oestrogen secretion. There is a well-established relationship between PCOS and endometrial cancer risk, but the risks associated with ovarian cancer are less clear. In a case-control study, 57 the risk of ovarian cancer was increased in women with PCOS (OR 2.5, 95% CI 1.1-5.9) and the risk was greater in women who had not used the COC (OR 10.5, 95% CI 2.5-44.2). Other studies, however, found no association between PCOS and ovarian cancer. 58 
Pelvic inflammatory disease
Pelvic inflammatory disease (PID) can arise as a complication of sexually transmitted infections or after childbirth, terminations and gynaecological procedures. Whilst some studies have found a positive association between PID and the risk of ovarian cancer, 59 others have not. 17, 51, 60 In a Canadian study, there was an increased risk of ovarian cancer with one episode of PID compared to those with none (OR 1.5, 95% CI 1.0-2.1). Risks were also greater if PID had occurred at an earlier age, if the women were nulliparous, infertile or had repeated episodes of PID. 59 Despite the association between human papilloma virus (HPV) and cervical cancer, no association has been found with ovarian cancer. 61, 62 Diet Diet may affect ovarian cancer risk, but there appears to be no consensus about which dietary factors may be causative or protective. Several studies have suggested a link between one or more of lactose, animal fat, meat, egg and cholesterol intake with an increased risk of ovarian cancer. 63, 64 conversely, a high consumption of vegetables and olive oil may decrease risk. [64] [65] [66] A systematic review of 11 population-based case-control studies and five cohort studies 66 showed a positive association between body size and ovarian cancer risk, which is of course associated with dietary and calorific intake. These findings have been confirmed in more recent studies. [68] [69] [70] [71] [72] 
Conclusions
Based on several epidemiological studies, there is good evidence that increased parity, use of the COC, and tubal ligation and hysterectomy reduce the risk of ovarian cancer. Other factors such as lactation, age at menarche and age at menopause seem to have a weaker effect on risk reduction. The effects of endometriosis, infertility treatment and PCOS on ovarian cancer risk remain unclear.
Despite this understanding of the epidemiological factors that affect ovarian cancer risk, the underlying cellular, biological and molecular genetic bases that may be influenced by these factors remains poorly understood. One of the future challenges will be to study more completely the interactions between environmental and molecular biological events that cause or protect against ovarian cancer. It is likely that a better understanding of these factors will lead to clear clinical benefits in terms of prevention (as in the case of cervical cancers and HPV vaccines), early detection and treatment of the disease. 
